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Introduction

51
Heparan sulphate (HS) is an ancient glycosaminoglycan (GAG) which has evolved over 52 hundreds of millions of years of vertebrate and invertebrate evolution(Yamada, S., Sugahara, 236 The specimens were examined in a JEOL1400 transmission electron microscope at 120 kV at 237 25,000 magnification. The images were analysed using ImageJ (public domain Java-based 238 image processing software developed by NIH) to determine fibril diameters. Three separate 239 regions of each specimen were photographed and all fibrils were measured in each image.
240 When the fibril had a non-circular configuration the diameter across the minimum axis was 241 measured. The frequency distribution of the collagen fibril diameters was calculated as a 242 percentage of the total fibril numbers measured.
244 Statistical analyses
245 Parametric data (mechanical properties, hydroxyproline, sGAG, fibril diameters) were 246 analysed by unpaired Students-t test for differences between age and genotypes. Non-Gaussian 247 data (qRT-PCR) were analysed by Mann-Whitney U ranked tests. The alpha level was set at 248 0.05.
250 251 Results
252
Genotyping of mouse strains
253
The schema in Fig 1a depicts 
264
Perlecan isolated from skeletal muscle demonstrated a core protein of ~420 kDa for
265
WT perlecan while mutant perlecan had a molecular weight of ~300-390 kDa. ELISA 266 analysis demonstrated that perlecan from C57BL/6 Wild Type mice contained HS chains 267 while Hspg2 exon 3 null perlecan did not (Fig 1c) .
269
Tendon material properties and biochemical composition 270
Ultimate tensile stress (UTS) (Fig 1d, e ) and tensile modulus (TM) (Fig 1 f, g ) 271 measurements of tail (Fig 1d, f) and Achilles (Fig 1e, g ) 3-12 wk tendons demonstrated 272 there were no difference in 3-wk tendons. UTS and TM of tail and Achilles tendons increased with maturation (Fig 1 d-g ). Tail tendon sGAG levels underwent a maturation-274 dependent decline in Hspg2 ∆3-/∆3-mice (Fig 1h) , with 50% reduction in GAG content at 12 275 weeks compared to 3 weeks (3 > 6 > 12 week), and lower GAG content in Hspg2 ∆3-/∆3-276 mice whereas hydroxyproline contents did not change significantly with age or genotype 277 (Fig 1i) . 
285
/∆3-tail tendons. There was a significant reduction in UTS and TM at 2 weeks after 286 Achilles tenotomy in both genotypes compared to the contralateral tendon (Fig 1j-m) , and 287 a progressive increase in material properties with time after injury. The injured WT
288
Achilles tendon recovered to the contralateral value by 8 weeks however Hspg2 ∆3-/∆3-289 Achilles tendons did not recover to the same extent (Fig 1j-m) . (Fig 2f, g ).
291
299
300
Hierarchical organization of tendon collagen fibres/fibrils and tenocytes
301
Tendons are assembled from collagen fibre bundles, and each fibre is composed of a 302 number of collagen fibrils. These are depicted diagrammatically (Fig 2h) . (Fig 2j) . The 1 chain of collagen 307 XI has a prominent N-terminal domain which protrudes through to the fibre surface and 308 has two HS interactive sites which may attach the heterofibril pericellularly to HS chains 309 of perlecan.
310
Immunolocalisation of type VI collagen and perlecan in tail tendon
311
Type VI collagen was immunolocalised in longitudinal sections of mouse tail tendons 312 from C57BL/6 Wild Type and Hspg2 exon 3 null mice (Fig 2k, l) . Higher power views 313 showed a significant reduction in collagen VI deposition in the Hspg2 exon 3 null tendons.
314
Perlecan was also localized in ovine ACL positive control, WT and Hspg2 exon 3 null 315 tendons (Fig 2) . Mouse tendon perlecan was evident at each pole of the tenocytes (Fig 2) . Figure 4 shows the changes in collagen fibril diameter of tail and Achilles tendon 342 measured from TEM images of 3 and 12 wk mouse tendons. In 3 wk mice there were small 343 differences between genotypes in mean fibril diameter (±SD) in tail (WT = 202±60nm,
317
344
Hspg2 ∆3-/∆3-= 193±46nm; not significant) and Achilles (WT = 160±44nm, Hspg2 ∆3-/∆3-= 345 139±37nm; P < 0.001) tendons (Fig 4a, b) . This was reflected in minor differences in 346 frequency distributions of collagen fibril diameters in the two genotypes in these immature 347 mice (Fig 4c, d ). An increase in average collagen fibril diameter was evident from 3 to 12 348 wk in the WT tail (202±60nm to 243±81nm; P < 0.0001) and Achilles (160±44nm to 349 210±63nm; P < 0.001) tendons, accompanied by an increase in collagen fibril diameter 350 distribution in both tendons (Fig 4c, d) 
